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ABSTRACT 
The healthy index is a tool for evaluation of nutrition recommendation aimed at prevention of chronic diseases. A lot of 
studies have been devoted to HEI of different aged groups of people but dates about Slovak population have been still 
missed. The goal of the study was to evaluate the Healthy Eating Index (HEI) in nutrition of adult female, determine their 
components in relation of parameters of anthropometry and body composition. Secondly, the research work was also aimed 
at the comparison of partial score HEI among groups of female with different fruit intake. Daily nutrition was evaluated by 
24 hours dietary recalls. In set of female (average age 31.1 yearsthe average HEI index reached up 53.0 ±8.8 points 
in accord with medium degree of diet, it means dietary improvement has been highly recommended. In respect of all 
assayed components of index the best results achieved the variety of diet (8.8 .points) and the worst the natrium intake 
(0.7 .points). The average score for the individual components pointed to neccesary of increase in the grain intake and 
vegetable, on the other hand the intake of cholesterol, saturated fats and especially natrium should be decreased. The 
differences between groups with various intake of fruit (with recommended intake and insufficient intake) in the rest  
9 components have not been proved as significant. The occurrence of risk values of body index, body fats determined by 
bioelectric impedance and android risk based on circumference of hips can not be considered between groups as 
significant. Average HEI has been in significance correlation with age (r = 0.240; p <0.05), circumference of hips  
(r = 0.2312; p <0.05) and body weight r = 0.1748; p <0.05). Future studies have been needed to evaluate diet according to 
the HEI in different groups of population in Slovakia. 
Keywords: diet quality; Healthy Eating Index; fruit intake; anthropometric parameters; Slovak female 
INTRODUCTION 
 Nutritional factors and factors of life style have been 
significantly contributed to prevalence of chronic diseases. 
Composition of diet has been influenced by different 
socially-economic aspects and preferences of consumers 
(MH SR, 2001). 
 Healthy Eating Index (HEI) has been implemented as 
measure of food quality of USDA (United States 
Department of Agriculture). USDA has been aimed at 
improvement of health with the diet recommendations for 
American population (Guo et al., 2004). It has been 
introduced as a key tool to evaluate the extent to which 
Americans are following the dietary recommendations for 
safety and healthy food (Willett and Skerrett, 2005). HEI 
represents the first and very simple model for 
generalization and monitoring of changes in dietary habits. 
Index expresses and measures how well a set of foods 
aligns with nutrition recommendations, dietary patterns 
and Food Guide Pyramid (Variyam et al., 1998; 
Edelstein, 2011). HEI give general image about type and 
quantity of diet of individuals and their compliance with 
the specific nutrition recommendations for nutrients and 
food groups (Gibson, 2005). 
 The HEI was originally developed in 1995 (HEI-1995) 
utilized dates from 1989 up to 1990 (USDA, 1995). 
Dietary intakes of individuals were collected on  
2 nonconsecutive days and using the 24-hour dietary recall 
method including 7500 respondents aged 2 years and 
older. In this approach it was necessary to separate 
probands into 3 energetic groups (Dixon, 2008). 
Subsequently, the index has been periodically evaluated 
(Bowman et al., 1998; Basiotis et al., 2002). Serving 
definitions based on Food Guide Pyramid (USDA, 1997) 
for different levels of energetic intake were reflected 
consistency with the serving definitions among people 
with different Recommended Energy Allowances as we 
can see at Table 2. The upper limits for intake of total fats, 
saturated fats, cholesterol and natrium were determined on 
the base of consultations with diet and nutrition experts 
and research of distribution intake of components 
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(Basiotis et al., 2002). Diet recommendations for 
American population, Food Guide Pyramid and National 
Research Council emphasized the importance of diet 
variety (National Research Council, 1989a; USDA, 
1996; Dietary Guidelines Advisory Committee, 2000). 
Unfortunatelly, nowdays there has not been accepted 
pattern how to quantify the measure of diet variety. HEI 
was utilized for evaluation of food quality within 
NHANES III with dates of reports 1999 – 2001. The 
results showed that only 10% nutrition of american 
population could be considered as good, 16% bad and the 
rest of american nutrition required to be improved. 
Subgroups of american population also displayed the 
lower quality of nutrition, especially men 15 – 18 years 
old, groups with lower incomes, non-hispanic Americans 
of African origin, persons with lower education. For  
1999 – 2000 has been established the average HEI score 
for american population 63.8 (Basiotis et al., 2002). In the 
same way Dubois et al. (2000) applicated HEI for 
evaluation of nutrition quality based on Canadian Nutrition 
Report, Quebec, 1990. HEI has been improved taken into 
account the Canadian Nutrition Recommendations from 
1990 (Health Canada, 1990). It has been also adapted in 
some countries, considering the local dietary habits 
(Fernandes et al., 2015). HEI has been evaluated also in 
relation to plasmatic biomarkers. Hann et al. (2001) 
pointed to the fact that nutrition with high score of HEI has 
been in positive correlation with plasmatic concentration 
of carotenoids and ascorbic acid. It has been indicated that 
choice of food based on food pyramid leaded into healthy 
nutrition. On the other hand, the increased level of 
biomarkers has not been uniquely indicated decrease 
incidence of diseases. 
 There has been lack of evidence between food intake, 
biomarkers and diseases. It has been confirmed only  
a weak correlation between HEI and risk of chronic 
diseases (cardiovascular and oncological) (McCullough et 
al., 2000a; McCullough et al., 2000b). Development of 
new nutrition recommendations for american population in 
2005 was motivation for revision HEI (HEI-2005). 
Standards for food groups have been based on new 
recommendation of food pyramid („My Pyramid“) 
(Britten et al., 2006). HEI-2005 has been standardized 
and can be used in nutrition monitoring, intervention and 
research as well. It consists of 12 components (Guenther 
et al., 2006). Guenther et al. (2008) found out that score 
in 9 – 12 components was lower in group of smokers in 
comparison with non-smokers. 
 The study of HEI is requisite and necessary for the 
Slovak population as well (Fatrcová-Šramková, 2010; 
Fatrcová-Šramková, 2013). The aim of study was to 
evaluate the Healthy Eating Index (HEI) in nutrition of 
adult female, to determine their components in relation of 
parameters of anthropometry and body composition. The 
research work was also aimed at the comparison of partial 
score HEI among groups of female with different fruit 
intake. 
 
Scientific hypothesis 
 The average HEI of the set of female has been minimally 
in the medium level according to descriptors (it has not 
been in accord with the worst level “bad nutrition”). 
 Group of female with the recommended consumption of 
fruit achieved the better evaluation in HEI, anthropometric 
parameters and body composition than female with 
insufficient intake of fruit. 
 
MATERIAL AND METHODOLOGY 
Characteristic of the research sample 
 The set of analyses was performed using dates from the 
group of adult female (n = 165). The average age reached 
up 31.1  (range 21.0 – 49.4 years, median 38.9). The 
age characteristics and distribution of research sample is 
presented at Table 1. 
 
Evaluation of the Healthy Eating Index (HEI) 
 It has been used 24 hour dietary recalls and 3 day – day 
food intake records. 24 hours dietary recalls were 
processed by nutrition software Alimenta version 4.3e 
originated from Food Research Institute, utilised The 
Slovak Food Composition Data Bank. 
 Daily consumption of food has been evaluated by  
10 components of index HEI (Healthy Eating Index) 
(Table 1). All components from HEI-1995 have been taken 
into account. Ten components represented the different 
aspects of healthy nutrition. Healthy Eating Index from 
1995 consists of 10 components (Table 2). The 
components 1 – 5 (the first partial index) deal with 
adequency of food composition of individuals reflected 
recommendations of Food Guide Pyramid from 1992. 
They measured the compliance of nutrition of individuals 
with recommendation for 5 basic food groups of Food 
Guide Pyramid as: cereals (bread, grain, rice and pasta), 
fruit, vegetable, milk (milk, youghurt and cheese), meat 
and its substitutions (poultry, fish, legumes, eggs and 
nuts). The second partial index (components 6 – 10) 
devotes the part of food that should be intaken minimally: 
total fats, saturated fats, cholesterol and natrium. The final 
component examines variety in person´s diet. The each 
component of index can reach maximum score 10 and 
minimum 0 (Kennedy et al., 1995; Basiotis et al., 2002; 
Guenther et al., 2008; Guenther et al, 2013). Food 
Guide Pyramid expresses the diet recommendations for 
Americans (Dietary Guidelines for Americaners) (Dietary 
Guidelines Advisory Committee, 2000). 
 The recommended servings of food lead to healthy diet. 
The recommended servings in pyramid have been in 
accord with energy intake for individuals (National 
Research Council, 1989b). Table 2 showed recommended 
servings for different groups of people in relation to age, 
gender and for energy level 1600 kcal, 2200 kcal and 2800 
kcal, i.e. 6700 kJ, 9200 kJ and 11700 kJ (USDA, 1997). 
According to Food Guide Pyramide is the recommended 
servings per day (Table 2) for female aged 11 – 24 years 
and as well 25 – 50 years (energy intake 2200 kcal, i.e. 
9200 kJ) for grains 9 servings, vegetable 4 servings, fruit  
3 servings, milk 2 servings, meat 2.4 servings (USDA, 
1996). 
 Each component within HEI (Table 1 and Table 2) was 
scored by minimal point 0 (in case of insufficient 
nutrition) up to 10 points (in case of sufficient nutrition). 
High component score indicates intake close to 
recommended range or amount, low component score 
indicates less compliance with recommended range or 
amount. The maximum overall score for the 10 combined 
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Table 1 Distribution of female in relation to age (%). 
Age Consumption of fruit  
Recommended 
Group A 
Insufficient 
Group B 
Together 
Group A +B 
p-value 
25 – 30 years 32.2 33.3 32.7 0.998 
31 – 35 years 6.9 15.4 10.9 0.384 
36 – 40 years 12.6 12.8 12.7 0.999 
41 – 45 years 12.6 9.0 10.9 0.903 
46 – 50 years 35.6 29.5 32.7 0.871 
Note: group A – recommended consumption of fruit (higher than score 10 point); group B – insufficient consumption of 
fruit (lower than score 10 point); p 0.05. 
 
Table 2 HEI (Healthy Eating Index) (Basiotis et al., 2002). 
Parameters Score rangesa 
(points) 
Criteria for  
Maximum Score of 10 points 
Criteria for 
Minimum Score of 0 points 
Consumption of different group of food 
1. grain 
2. vegetable 
3. fruit 
4.milk 
5. meat 
0 – 10 
0 – 10 
0 – 10 
0 – 10 
0 – 10 
6 – 11 servingsb 
3 – 5 servingsb 
2 – 4 servingsb 
2 – 3 servingsb 
2 – 3 servingsb 
0 servings 
0 servings 
0 servings 
0 servings 
0 servings 
Nutrition recommendations 
6. total fat intake 
7. saturated fat intake 
8. cholesterol 
9. natrium 
10. food variety 
0 – 10 
0 – 10 
0 – 10 
0 – 10 
0 – 10 
30% or less energy from fat 
Less than 10% energy from 
saturated fat 
300 mg or less 
2400 mg or less 
8 or more different items in a day 
45% or more energy from fat 
15% or more energy from 
saturated fat 
450 mg or more 
4800 mg or more 
3 or fewer different items in a day 
Note: a People with consumption or intakes between the maximum and minimum ranges or amounts were assigned 
scores proportionately. b Number of servings depends on Recommended Energy Allowance; see Table 3. All amounts 
are on a per day basis. 
 
Table 3 The recommended food servings per day according to Food Guide Pyramid (USDA, 1996; USDA, 1997). 
Energy (kcal) Grain Vegetable Fruit Milk Meat 
1600 6 3 2 2 2 
2200 9 4 3 2 2.4 
2800 11 5 4 2 2.8 
 components is 100. Scores were calculated using the 
population ratio method. The calculation of HEI index was 
provided in accord with recommendations of Kennedy et 
al. (1995); Dietary Guidelines Advisory Committee 
(2000); Basiotis et al. (2002); Guenther et al. (2008); 
Guenther et al. (2013). 
 For HEI evaluation the descriptors on the base of USDA 
recommendation were used (Gibson, 2005). An HEI score 
over 80 implies a „good“ diet, an HEI score between  
51 and 80 implies a diet that „needs improvement“, and an 
HEI score less than 51 implies a „poor“ diet. Except for 
HEI score for all components we also aimed at partial 
score (for selected components). For partial score 
(evaluation of 5 parameters from 10) the adequate 
proportion of points (50% evaluation) was used. The 
following descriptors were utilised for evaluation of the 
partial score: „good diet“ over 40 points, „need 
improvement“ 25.5 – 40 points, „poor diet“ less than  
25.5 points. 
 In aspect of for evaluation of partial HEI adult female 
were separated according to quantitative intake of fruit. It 
has been established 2 groups of female. Group  
A („recommended fruit consumption) can be characterised 
by daily minimally consumption of fruit 3 servings. Group 
B („insufficient consumption of fruit“) mean the low 
intake of fruit in amount less than 3 servings. 
 
Evaluation of the body composition, anthropometry 
 It has been characterised and evaluated the 
anthropometric parameters, parameters of body 
composition: body weight (kg), height (cm), waist 
circumference (cm), hip circumference (cm), body fat 
(absolut in kg, relative in %), body mass index – BMI 
(kg.m-2) as relation weight to height, and waist to hip ratio 
– WHR (index of centrality). BMI was evaluated 
according to criteria of WHO (2018), index centrality 
according to Kleinwächterová and Brázdová (2001). For 
determination of body composition the bioelectrical 
impedance analysis (BIA) by Bodystat Quadscan 4000 
(Bodystat Ltd, Doubles, Isle of Man, UK) has been used. 
 
Statisic analysis 
 Statistical evaluation was provided by Statistica.cz 
(verzia 10, StatSoft, Inc., Česká republika). The 
differences among groups were tested by one-way t-test 
and chi-squared test (χ2–test). Statistical significant 
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differences were stated as p-values (p = 0.05). Correlations 
were expressed by correlation coefficient r. 
 There has not been confirmed the significant differences 
in age distribution of female between group A and group  
B (Table 1). 
 
RESULTS AND DISCUSSION 
 According to assayed scores the evaluation of 
components of HEI index has declined tendency in the 
following order: diet variety > total fat > fruit > milk > 
meat > grains > vegetable > cholesterol > saturated fats > 
natrium (Table 4). The highest score reached up the variety 
of diet (8.8 points). On the other hand, the lowest 
score had natrium (0.7 points) in exceeded daily 
intake. The biggest problem in nutrition of female was the 
daily recommended intake of natrium. 
 In respect of intaken food, nutrients and quantification of 
diet variety there has been proved statistically significant 
differences between real and recommended intake in case 
of all 10 components of HEI (p <0.001, p = 0). Of the first 
5 components of the HEI, the most favourable group was 
represented by fruit and fruit products (7.2 ±3.7 points). 
On the contrary, the most insufficient was the daily 
consumption of vegetable. Of the rest nutrition 
recommendations (components 6 – 9) the highest score 
achieved diet variety, the mostly insufficient was natrium 
intake.  
Tangney et al. (2001) studied HEI index of elder people 
and found out that the lowest proportions of perfect scores 
occurred for grains, vegetables, milk and meat. The 
highest proportions with perfect scores occurred for total 
and saturated fat (as a percentage of energy), cholesterol 
and sodium intakes. 
In the base of fruit component the set of female was 
divided into 2 groups (with recommended intake of fruit – 
group A and insufficient intake of fruit – group B). For 
more detailed comparative evaluation the set was dividing 
according to food group with the best score – fruit. There 
has been confirmed differences between group A of female 
meet  recommended serving of fruit (minimally 3 servings) 
versus group B of female with insufficient fruit in the rest 
of 9 components of HEI as well (Table 4 and 5). In group 
A except for fruit consumption the best evaluation (from 
maximum 10 points) reached up variety of diet  
(8.9 points) and total fats (7.9 points) (Table 4). 
The same order was estimated also in group B: variety of 
diet 8.8 points and total fats 7.9 2.2 points. 
Similarly, the worst score in group A and B displayed 
natrium (1.0 points; 0.5 points). The daily 
natrium intake significantly exceeded the recommendation 
(group A 9071.1 mg and group 8897.2 
 mg The daily recommended natrium intake 
represented 2400 mg and less (Table 5). 
 The insufficient intake of fruit regularly 5 times a day has 
been evaluated in research work of Juríková et al. (2016). 
The majority of college students consumed fruit and 
vegetable only once a day. The vegetable as a source of 
natural antibiotics has been intaken only once a week as 
well (Juríková et al., 2017). 
 It was also interesting observed not only intake of 
recommended dose of fruit but also vegetable as an 
important source of bioactive compounds (Table 6). 
 The results showed that 40% of respondents did not meet 
criteria for the recommended daily intake of fruit and 
vegetable, non respondents from group A and majority 
from group B (0% versus 84.6%). Only one of 
recommendations – fruit was covered by 47.3% of female 
in group A. There has been proved statistically significant 
differences between evaluated groups (75.9% versus 
15.4%, p = 0.000). Generally, the recommendations for 
fruit and vegetable were taken into account in 12.7% 
female, minimally 1 recommendation (fruit/vegetable) had 
60% of probands (all respondents of group A and 15.4% 
respondents of group B). 
 In case of fruit the maximum score (10 points) achieved 
52.7% female (Table 7). The order of components in 
accord to maximum score was following: fruit > meat > 
milk > total fat > variety of diet > cholesterol > vegetable 
> grains > natrium > saturated fats. Generally, female did 
not meet the guidelines in parameters of nutrition in 
consumption of grains (96.4%), natrium intake (98.2%) 
and saturated fat (all respondents). Our results are in 
accord with the study of Ervin (2008) (56% of older 
female met the recommendation for diet variety). 
Similarly, Shah et al. (2010) reported that participants 
according to HEI 2005 consumed more than recommended 
amounts of sodium, saturated fats, and discretionary 
calories. 
 The assayed female groups were significantly differed in 
component fruit, the rest differences in components has 
not been proved as significant. The recommended daily 
intake of milk had more probands of group B (47.4%) 
versus group A (34.5%). On the contrary, the higher 
consumption of vegetable and total fats was higher in 
group A (24.1%; 42.5%) versus group B (15.4%; 37.2%). 
 Particularly it was determined the distribution of female 
in components of HEI at least 50% (score 5 points or more 
for the individual components) (Table 8). The groups were 
represented by female has not been covered 
recommendation of fruit intake (on 50% with score less 
than 5 points) (B group) and female has been covered at 
least 50% of recommendations with 5 points and more)  
(A group). The most significant differences between 
groups have been determined in consumption of fruit (in 
group A higher value by 52.6%) and milk (higher value by 
14.3% in group B). Differences in consumption of 
vegetable represented only 5.8%, cholesterol 5.5% and 
total fats 4.6%. The results pointed to the fact that group  
B with lower consumption of fruit has achieved weeker 
results also in another components (in 6 components was 
determined score under 5 points). Group A displayed also 
better results in consumption of milk (by 14.3%), total fats 
(by 4.6%), cereals intake (by 2.8%) and meat (1%). On the 
other hand, in group B were more female with insufficient 
diet and score under 5 points in consumption of fruit (by 
52.6%), vegetable (by 5.8%), cholesterol (by 5.5%), 
natrium (by 4.1%), saturated fat (by 0.6%) and diet variety 
(by 0.6%). 
 It was monitored the occurence of worst score with  
0 points in case of cereals (0.6%), vegetable (16.4%), fruit 
(13.3%), milk (2.4%) and meat (12.1%) (Table 9). 
Extremely high proportion of fats (more than 45% of daily 
energy intake) had only 3.6% probands. The proportion of 
fats in energy intake must cover 30% (saturated fat acids 
10%, monounsaturated fatty acids 10 – 12% and 
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Table 4 Score for components HEI (mean SD). 
Components HEI 
(points) 
Consumption of fruit 
Recommended 
Group A 
Insufficient 
Group B 
Together 
Group A +B 
Grains 6.8   4.9  
Vegetable  5.1  4.4  4.7 3.7 
Fruit  10.0  4.0  7.2 3.7 
Milk  6.4  7.7  7.0  
Meat  6.7  6.7  6.7  
Total fat  7.9  7.9 2.2 7.9  
Saturated fat  2.2  1.7  2.0  
Cholesterol  3.3  2.8  3.0  
Natrium  1.0  0.5  0.7  
Diet variety 8.9  8.8  8.8  
Note: SD – standard deviation. 
 
Table 5 Evaluation of components HEI (mean SD). 
Components HEI 
 
Consumption of fruit 
Recommended 
Group A 
Insufficient 
Group B 
Together 
Group A +B 
Grains (servings) 4.3  4.5  4.4  
Vegetable (servings) 2.5  1.9  2.2  
Fruit (servings) 5.2  1.2  3.3  
Milk (servings) 1.6  2.1  1.9  
Meat (servings) 2.4  2.4  2.4  
Total fat (% of energy) 31.6  32.0  31.8 6.5 
Saturated fat (% of energy) 8.4  8.6  8.5  
Cholesterol (mg) 629.2  583.0  607.3  
Natrium (mg) 9071.1  8897.2  8988.9  
Diet variety (number of items) 7.12  7.04  7.04  
 
Table 6 Keeping for selected components of HEI (%) – fruit and vegetable. 
Number of kept 
recommendations 
Consumption of fruit  
Recommended 
Group A 
Insufficient 
Group B 
Together 
Group A +B 
p-value 
0 0.0 84.6 40.0 - 
1 (for fruit and vegetable) 75.9 15.4 47.3 0.000 
2 (for fruit and vegetable) 24.1 0.0 12.7 - 
Note: p <0.001. 
polyunsaturated fatty acids 8 – 10%) (Kajaba et al., 1999; 
MH SR, 1997; PHA SR, 2015). Limit maximally 30% of 
daily energy intake has been overlapped by majority of 
Europeans (MH SR, 2001). The recommended energy 
value from saturated fats (max. 10%) was highly 
overlapped by 25% of probands (with values higher than 
15% of saturated fat from energy intake). 
 In USA and Europe saturated fat acids represent  
12 – 15% from total energy intake. On every 1% of energy 
intake in the form of saturated fatty acids has been 
increased level of LDL cholesterol in comparison with 
oleic acid by 2 mg.dL-1 (0.025 mmol.L-1) (Grundy, 2003). 
The content of n-6 fatty acids should not be 4 – 10 higher 
in comparison with n-3 fatty acids. Oil originated from sea 
fish represents a very valuable source of eicosapentaenoic 
(EPA and docosahexaenoic acid (DHA) decreased the 
probalibility of trombosis in veins. Nutritionally fats and 
oils can be considered as healthy if the proportion of fatty 
acids has been approximate to mentioned relation (MH 
SR, 2001). 
 In the set of assayed female was noticed overlapped 
intake of cholesterol (450 mg and more) among 60% of 
female with negative impact on incidence of 
cardiovascular diseases. The better results in cholesterol 
intake achieved Ervin (2008), 72% of older adults met the 
guidelines for cholesterol. Human body is able to 
synthetize essential amount of cholesterol, its excessed 
intake increase the risk of cardiovascular diseases. It is  
a reason for recommendation of nutrition experts not 
consumed more than 300 mg cholesterol (MH SR, 2001). 
On every 200 mg of intaken cholesterol it has been 
increased the concentration of serum LDL-cholesterol 
(LDL – low density lipoproteins) on average by 6 mg.dL-1 
(0.155 mmol.L-1) (Grundy, 2003). Saturated fatty acids 
increase, polyunsaturated fatty acids decrease the level of 
cholesterol (MH SR, 2001). 
 The daily intake of natrium significantly overlapped the 
recommended dose reached up 4800 mg in case of (83.6%) 
probands. Female had minimally 0.5 serving from all food 
groups so diet variety represented the smallest problem in 
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Table 7 Distribution of female in the evaluated groups based on scores for componenents of HEI. 
Components HEI Consumption of fruit  
(score) Recommended 
Group A 
Insufficient 
Group B 
Together 
Group A +B 
p-value 
1. cereals  
<9 porcií 96.6 96.2 96.4 
- ≥9 porcií* 3.4 3.8 3.6 
2. vegetable  
<4 porcie 75.9 84.6 80.0 0.578 ≥4 porcie* 24.1 15.4 20.0 
3. fruit   
<3 porcie 0.0 100.0 47.3 
- ≥3 porcie* 100.0 0.0 52.7 
4. milk  
<2 porcie 65.5 52.6 59.4 0.413 ≥2 porcie* 34.5 47.4 40.6 
5. meat  
<2,4 porcie 58.6 57.7 58.2 0.999 ≥2,4 porcie* 41.4 42.3 41.8 
6. total fat  
>30 % 57.5 62.8 60.0 0.921 ≤30 %* 42.5 37.2 40.0 
7. saturated fat  
≥10 % 100.0 100.0 100.0 
- 
<10 %* 0.0 0.0 0.0 
8. cholesterol  
>300 mg 74.7 78.2 76.4 0.964 ≤300 mg* 25.3 21.8 23.6 
9. natrium   
>2400 mg 96.6 100.0 98.2 
- ≤2400 mg* 3.4 0.0 1.8 
10. diet variety  
<8 položiek 70.1 67.9 69.1 0.992 ≥8 položiek * 29.9 32.1 30.9 
Note: * criteria for maximum score (10 points); p 0.05. 
 
nutrition. On the other hand, the biggest problem of female 
was overlapped sodium intake. 
 Average HEI score achieved the mean value  
53.0 ±8.8 points (58.2 in the first and 51.4 in the second 
group, Table 10). This result is in accord with medium 
level of nutrition according to Gibson (2005) with 
necessary improvement of diet. This value represented also 
lower value in comparison with Basiotis et al. (2002) (HEI 
63.8%) monitoring American population in 1999 – 2000. 
In the same way in the project Chicago Health and Aging 
was studied adult population 65 year and more  
(4932 participants) and the average HEI index was 
calculated 70.7 it means very close to healthy diet 
(Tangney et al., 2001). According to research study of 
Ervin (2008) only 17% of older adults consumed a “good” 
quality diet. HEI-2015 for the american population for the 
years 2013 – 2015 was calculated as following: 59 for 
2013 – 2014, 60 for years 2011 – 2012, 59 for 2009 – 
2010, 57 for 2007 – 2008, 56 for 2005 – 2006 (from top 
score 100). HEI-2015 demonstrated that the nutrition of 
Americans are in medium level and did not align with the 
nutrition guidelines “2015 – 2020 Dietary Guidelines for 
Americans” (USDA, 2015; USDA, 2018). Partial score for 
parameters 1 – 5 was compared with partial score for 
parameters 6 – 10 (Table 10). The better results were 
achieved in first partial score for parameters  
1 – 5 (30.5 versus 22.5) within set of female and group of 
A and B with different intake of fruit. Evaluation of partial 
score 1 – 5 was in accord with medium level of nutrition 
with needs for improvement of diet, score 6 – 10 is in 
agreement with bad level of nutrition. 
 For HEI index, also partial HEI (1 – 5) and HEI (6 – 10) 
has been confirmed significant differences in comparison 
real and recommended score (p <0.001; p = 0). 
 In set there have been evaluated anthropometric 
parameters as well (Table 11). On the basis of BMI 
classification (WHO, 2018) the proportion of female with 
normal weight took 60%, pre-obesity in 27.3% and 
overweight in 12.7% (Table 12). Obesity class III or 
underweight were not be noticed. Cumulative evaluation 
pointed to high prevalence of pre-obesity and obesity 
(BMI 25 kg.m-2 and more) in 40%. Between groups A and 
B with different fruit intake there has not been proved 
statistically significant differences in BMI (p 0.05). 
Normal weight had 54.0% and 66.7% probands in groups 
A and B, pre-obesity 32.2% a 21.8%, obesity class I – III 
13.7% a 11.5%. Only third of respondents in group  
B displayed risk BMI. Pre-obesity or obesity was 
identified more often in group A with higher intake of fruit 
(45.9% versus 33.3%). According to index of centrality 
there has been higher occurence of android body type in 
group A than in group B (WHR ≥0.85, 16.1% versus 0%, 
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Table 8 Groups of female according to 50% score for HEI components. 
Components HEI Consumption of fruit  
(score)* Recommended 
Group A 
Insufficient 
Group B 
Together 
Group A +B 
p-value 
1. grains  
<5 points 20.7 17.9 50.3 0.977 ≥5 points 79.3 82.1 49.7 
2. vegetable  
<5 points 50.6 56.4 53.3 0.904 ≥5 points 49.4 43.6 46.7 
3. fruit  
<5 points 0.0 52.6 24.8 
- ≥5 points 100.0 47.4 75.2 
4. milk  
<5 points 31.0 16.7 24.2 0.201 ≥5 points 69.0 83.3 75.8 
5. meat  
<5 points 35.6 34.6 35.2 0.999 ≥5 points 64.4 65.4 64.8 
6. total fat  
<5 points 14.9 10.3 12.7 0.846 ≥5 points 85.1 89.7 87.3 
7. saturated fat  
<5 points 94.3 94.9 94.5 
- ≥5 points 5.7 5.1 5.5 
8. cholesterol  
<5 points 70.1 75.6 72.1 0.888 ≥5 points 29.9 24.4 26.7 
9. natrium  
<5 points 90.8 94.9 88.5 
- ≥5 points 9.2 5.1 8.5 
10. diet variety  
<5 points 0.0 0.6 0.6 
- ≥5 points 100.0 100.0 93.3 
Note: * criteria for evaluation 5 points (50% of the maximum score) according to HEI (Basiotis et al., 2002), p 0.05. 
 
Table 9 Groups of female according to minimum score (0 points) for HEI components. 
HEI components Consumption of fruit  
(criteria)* Recommended 
Group A 
Insufficient 
Group B 
Together 
Group A +B 
p-value 
Grains (0 serving) 0.0 1.3 0.6 - 
Vegetable (0 serving) 14.9 17.9 16.4 0.965 
Fruit (0 serving) 0.0 28.2 13.3 - 
Milk (0 serving) 3.4 1.3 2.4 - 
Meat (0 serving) 13.8 10.3 12.1 0.922 
Total fat (45% of 
energy intake or 
more) 5.7 1.3 3.6 
- 
Saturated fat (15% 
or more) 24.1 26.9 25.5 0.982 
Cholesterol (450 mg 
and more) 58.6 61.5 60.0 0.985  
Sodium (4800 mg 
and more) 80.5 87.2 83.6 0.715 
Diet variety (0 items) 0.0 0.0 0.0 - 
Note: * criteria for minimum score (0 points) according to HEI (Basiotis et al., 2002), (p 0.05). 
 
p 0.05). By measurement of body fat was also observed 
the higher occurence of health hazard in group A. In the 
same way Kant and Graubard (2005) reported that the 
HEI score was associated with obesity and biomarkers of 
cardiovascular diseases and diabetes mellitus. The 
occurence of the risk values of anthropometry and body 
composition of female with recommended intake of fruit 
can be caused by total structure of intaken diet and also 
with presence of nutrition risk factors as well as with 
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Table 10 Scores for total HEI, partial HEI (1 – 5) and partial HEI (6 – 10) (mean SD). 
HEI (components) Consumption of fruit 
Recommended 
Group A 
Insufficient 
Group B 
Together 
Group A +B 
HEI (1 – 5) a 34.9   30.5  
HEI (6 – 10) a 23.2  21.7  22.5  
HEI (sum 1 – 10) b 58.2  51.5  53.0  
Note: a partial score HEI, b total score HEI. 
 
Table 11 Characteristic of female groups with different fruit consumption (mean SD). 
Parameters Consumption of fruit 
Recommended 
Group A 
Insufficient 
Group B 
Together 
Group A +B 
Age (years) 37.6   36.7  
Body height (cm) 165.4  165.3  165.4  
Body weight (kg) 68.1  65.7 12.7 67.0  
Waist circumference (cm) 80.4  77.4  79.0  
Hip circumference (cm) 102.6  101.4  102.0  
Body fat (%) 21.1  20.0  20.6  
Body fat (kg) 30.0  29.4  29.7  
BMI (kg.m-2) 24.9  24.1  24.5  
WHR  0.8  0.8  0.8  
Note: BMI – body mass index, WHR – waist to hip ratio. 
 
Table 12 Body mass index (BMI), waist to hip ratio (WHR), body fat (BF) and classification in female groups (%) with 
different fruit consumption. 
 Classification Criteria Consumption of fruit  
 Recommended 
Group A 
Insufficient 
Group B 
Together 
Group A +B 
p-value 
Nutritional status* BMI (kg.m-2)  
Underweight <18,5 0.0 0.0 0.0 - 
Normal weight 18.5 – 24.9 54.0 66.7 60.0 - 0.433 
Pre-obesity 25.0 – 29.9 32.2 21.8 27.3 - 0.524 
Obesity class I 30.0 – 34.9 10.3 7.7 9.1 - 0.950 
Obesity class II 35.0 – 39.9 3.4 3.8 3.6 - 
Obesity class III ≥40 0.0 0.0 0.0 - 
Health risk* WHR (kg.m-2)  
Gynoid <0.85 83.9 100.0 89.1 - 
Android ≥0.85 16.1 0.0 10.9 - 
Healthy risk BF (%)  
Without risk ≤25 65.5 80.8 72.7 0.185 
Risk >25 34.5 19.2 27.3 0.185 
Note: p 0.05. 
lifestyle (the level of moving activity). Overlapped intake 
of fruit has been in relation with increased intake of sugar  
over dairy recommendations. Separately it has been 
evaluated relation between HEI score and anthropometric 
parameters. HEI index was in significant correlation with 
age (r = 0.2402; p <0.05), body weight (r = 1748, p <0.05) 
and hip circumference (r = 0.2312; p <0.01). The 
mentioned anthropometric parameters were correlated to 
partial HEI (1 – 5) for group of food and HEI 6 – 10 for 
diet recommendations. The statistically significant 
relations have been confirmed between partial HEI  
(6 – 10) and anthropometric parameters: body weight, 
body height, waist circumference, hip circumference, BMI 
(p <0.001) and body fat (% BF, p <0.001; kg BF, p <0.05). 
There have been proved significant correlation between 
HEI (1 – 5) and body weight (p <0.01), age, height, waist 
circumference, body fat (% BF), BMI, WHR (p <0.05). 
Higher HEI 2005 scores have been associated with 
favorable lipid profile (Shah et al., 2010) and lower risk of 
obesity (Gao et al., 2008). We can also conclude that 
components 6 – 10 significantly contributed to occurence 
of obesity and chronic diseases (especially increased 
proportion of total fat, saturated fatty acids, cholesterol or 
natrium). A version of the HEI calculated from food 
frequency questionnaires was associated with a lower risk 
of cardiovascular disease in men in the research study of 
McCullough et al. (2000a; 2000b). The risk values of 
anthropometric parameters have been more often occured 
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Table 13 Correlation between HEI score and anthropometric parameters.  
Parameter HEI (1 – 5) HEI (6 – 10) HEI 
Age (years) r = 0.1740 
p = 0.025 
r = 0.1133 
p = 0.147 
r = 0.2402 
p = 0.002 
Height (cm) r = 0.1747 
p = 0.025 
r = 0.3715 
p = 0.000 
r = 0.1425 
p = 0.068 
Weight (kg) r = 0.2287 
p = 0.003 
r = 0.4715 
p = 0.000 
r = 0.1748 
p = 0.025 
Waist (cm) r = 0.1901 
p = 0.014 
r = 0.3288 
p = 0.000 
r = 0.0954 
p = 0.223 
Hip (cm) r = 0.1393 
p = 0.074 
r = 0.4450 
p = 0.000 
r = 0.2312 
p = 0.003 
Body fat (%) r = 0.1591 
p = 0.041 
r = 0.3405 
p = 0.000 
r = 0.1314 
p = 0.092 
Body fat (kg) r = 0.0747 
p = 0.340 
r = 0.1710 
p = 0.028 
r = 0.0705 
p = 0.369 
BMI (kg.m-2) r = 0.1806 
p = 0.020 
r = 0.3585 
p = 0.000 
r = 0.1270 
p = 0.104 
WHR r = 0.1552 
p = 0.046 
r = 0.0028 
p = 0.971 
r = 0.1366 
p = 0.080 
Note: HEI – healthy eating index, BMI – body mass index, WHR – waist to hip ratio. 
in the group of female with recommended intake of fruit 
and their products. It can pointed to lower quantity level of 
nutrition despite the incorporation of nutritionally valued 
food from group of fruit. It has been confirmed also in 
assessment of the rest HEI components as well. 
 There has been surprisingly little dietary information and 
HEI data for Slovak population in literature. Many adults, 
and in particular, adults with insufficiet fruit intake, may 
have diets inadequate according to dietary 
recommendations. 
 There has not been existed food with ideal nutrition 
composition so food groups must be selected in the way 
that daily intake of diet include all sufficient nutrients in 
ideal proportion (MH SR, 2001). Nutrition education 
programs and innovative interventions may help meet food 
and nutrients recommendations and daily nutrition 
requirements. Keeping of nutrition recommendations are 
essential for good healthy status of individuals. 
 
CONCLUSION 
 This is the first study using the complete HEI to assess 
the quality of foods and nutrients in the diet of Slovak 
selected adult population. Results of the study indicate the 
necessity of diet improvements in adults. 
 The mean score for the individual components showed 
the needs to increase the proportion of consumed food 
especially grains and vegetable. On the other hand, it has 
been seen to be reasonable decrease the intake amount of 
cholesterol, saturated fats and especially natrium. The 
assayed results (total HEI 53.0 from 100.0; partial HEI  
(1 – 5) 30.5 from 50.0; partial HEI (6 – 10) 22.5 from  
50.0 points) indicated the needs for distinct improvement 
of quality of intaken food as well as provide the necessary 
daily intake of food in accordance with nutrition 
recommendations. Average HEI has been corresponded 
with the medium evaluation level. It has been also 
confirmed correlation between HEI and partial HEI index 
and body weight. The group of female with insufficient 
fruit intake reached up the worse evaluation in comparison 
with group with recommended intake in all 10 HEI 
components. There has not been established statistically 
significant differences between groups in occurrence of 
risk values of the anthropometric parameters. 
 Future studies have been needed to evaluate diet 
according to the HEI in different population groups in 
Slovakia. Studies have been necessary to examine 
associations between HEI and components with 
individuals characteristics and additional factors. 
  
REFERENCES 
Basiotis, P. P., Carlson, A., Gerrior, S. A., Juan, W. Y., 
Lino, M. 2002. The Healthy Eating Index: 1999-2000. 
Available at: www.cnpp.usda.gov 
Bowman, S. A., Lino, M., Gerrior, S. A., Basiotis, P. P. 
1998. The Healthy Eating Index: 1994-96. United States 
Department of Agriculture, Center for Nutrition Policy and 
Promotion. CNPP-5. Available at: 
https://www.cnpp.usda.gov/sites/default/files/healthy_eating_
index/HEI94-96report.pdf 
Britten, P., Marcoe, K., Yamini, S., Davis, C. 2006. 
Development of Food Intake Patterns for the MyPyramid 
Food Guidance System. Journal of Nutrition Education and 
Behavior, vol. 38, no. 6, p. 78-92. 
https://doi.org/10.1016/j.jneb.2006.08.007  
Dietary Guidelines Advisory Committee. 2000. Report of 
the Dietary Guidelines Advisory Committee on the Dietary 
Guidelines for Americans. United States Department of 
Agriculture, Agricultural Research Service. Available at: 
https://health.gov/dietaryguidelines/dgac/pdf/dgac_ful.pdf 
Dixon, L. B. 2008. Updating the Healthy Eating Index to 
Reflect Current Dietary Guidelines. Journal of the American 
Dietetic Association, vol. 108, no. 11, p. 1837-1842. 
https://doi.org/10.1016/j.jada.2008.08.020  
Dubois, L., Girard, M., Bergeron, N. 2000. The choice of a 
diet quality indicator to evaluate the nutritional health of 
populations. Public Health Nutrition, vol. 3, no. 3, p. 357-
365. https://doi.org/10.1017/S1368980000000409  
Potravinarstvo Slovak Journal of Food Sciences 
Volume 13 92  No. 1/2019 
Edelstein, S. 2011. Nutrition in Public Health. London : 
Jones and Bartlett Learning. 424 p. ISBN: 10 0-7637-7791-9. 
Ervin, R. B. 2008. Healthy Eating Index scores among 
adults, 60 years of age and over, by sociodemographic and 
health characteristics : United States, 1999-2002. Advance 
Data, vol. 20, no. 395, p. 1-16.  
Fatrcová-Šramková, K. 2010. Components of the healthy 
eating index in nutrition of adult females. Potravinarstvo, vol. 
4, no. 4, p. 73-78. https://doi.org/10.5219/106  
Fatrcová-Šramková, K. 2013. Evaluation of diet quality 
indicators in adults. Potravinarstvo, vol. 7, no. 1, p. 171-180. 
https://doi.org/10.5219/302  
Fernandes, D. P. S., Queiroz R. A., Lopes Duarte, M. S., 
Castro Franceschini, S. C. 2015. Systematic review of healthy 
eating indexes in adults and elderly: applicability and validity. 
Nutrición Hospitalaria, vol. 32, no. 2, p. 510-516. 
https://doi.org/10.3305/nh.2015.32.2.9136  
Gao, S. K., Beresford, S. A., Frank, L. L., Schreiner, P. J., 
Burke, G. L., Fitzpatrick, A. L. 2008. Modifications to the 
Healthy Eating Index and its ability to predict obesity: The 
Multi-Ethnic Study of Atherosclerosis. American Journal of 
Clinical Nutrition, vol. 88, no. 1, p. 64-69. 
https://doi.org/10.1093/ajcn/88.1.64  
Gibson, R. S. 2005. Principles of Nutritional Assessment. 
2nd ed. Oxford, UK : Oxford University Press, 908 p. ISBN: 
978-0-19-517169-3. 
Grundy, S. M. 2003. Factors Determining Blood 
Cholesterol Levels. Encyclopedia of Food Sciences and 
Nutrition. 2nd ed. Oxford, UK : Elsevier Science, p. 1237-
1243. ISBN 0-12-227055-X. 
Guenther, P. M., Krebs-Smith, S. M, Reedy, J. 2008. 
Evaluation of the Healthy Eating Index-2005. Journal of the 
American Dietetic Association, vol. 108, no. 11, p. 1854-
1864. https://doi.org/10.1016/j.jada.2008.08.011  
Guenther, P. M., Krebs-Smith, S. M., Reedy, J., Britten, P., 
Juan, W. Y., Lino, M., Carlson, A., Hiza, H. A., Basiotis, P. 
P. 2006. Healthy Eating Index-2005. United States 
Department of Agriculture, Center for Nutrition Policy and 
Promotion. Available at: 
http://www.cnpp.usda.gov/Publications/HEI/healthyeatingind
ex2005factsheet.pdf 
Guenther, P. M., Reedy, J., Casavale, K. O., Kirkpatrick, S. 
I., Hiza, H. A. B., Kuczynski, K. J., Kahle, L. L., Krebs-
Smith, S. M. 2013. Update of the healthy eating index: Hei-
2010. Journal of the academy of nutrition and dietetics, vol. 
113, no. 4, p. 569-580. 
https://doi.org/10.1016/j.jand.2012.12.016  
Guo, X., Warden, B. A., Paeratakul, S., Bray, G. A. 2004. 
Healthy Eating Index and Obesity. European Journal of 
Clinical Nutrition, vol. 204, no. 58, p. 1580-1586. 
https://doi.org/10.1038/sj.ejcn.1601989  
Hann, C. S., Rock, C. L., King, I., Drewnowski, A. 2001. 
Validation of the Healthy Eating Index with use of plasma 
biomarkers in a clinical sample of women. American Journal 
of Clinical Nutrition, vol. 74, no. 4, p. 479-486. 
https://doi.org/10.1093/ajcn/74.4.479  
Health Canada. 1990. Nutrition recommendations: Report of 
the Scientific Review Committee. Ottawa : Minister of 
Supplies and Services Canada. 208 p. ISBN: 0660134179. 
Juríková, T., Viczayová, I., Hegedűsová, A., Mlček, J., 
Kontra, J., Snopek, L., Golian, M. 2017. Comparative study 
on natural plant antibiotics – vegetable and their consumption 
among college students. Potravinarstvo Slovak Journal of 
Food Sciences, vol. 11, no. 1, p. 452-459. 
https://doi.org/10.5219/778  
Juríková, T., Viczayová, I., Mlček, J., Sochor, J., Balla, Š., 
Baroň, Š. 2016. Fruit and vegetable intake among college 
students in Nitra – comparative study. Potravinarstvo, vol. 
10, no. 1, p. 475-480. https://doi.org/10.5219/639  
Kajaba, I., Šimončič, R., Ginter, E., Ondrejka, J., Kaláč, J., 
Bzdúch, V. 1999. Recommended nutritional doses for the 
population of Slovakia (8th revision OVD) Odporúčané 
výživové dávky pre obyvateľstvo Slovenska (8. revízia 
OVD). Výživa a zdravie, vol. 44, no. 2, p. 25-29. (In Slovak) 
Kant, A. K., Graubard, B. I. 2005. A comparison of three 
dietary pattern indexes for predicting biomarkers of diet and 
disease. Journal of the American College of Nutrition, vol. 24, 
no. 4, p. 294-303. 
https://doi.org/10.1080/07315724.2005.10719477  
Kennedy, E. T., Ohls, J., Carlson, S., Fleming, K. 1995. The 
Healthy Eating Index: design and applications. Journal of the 
American Dietetic Association, vol. 95, no. 10, p. 1103-1108. 
https://doi.org/10.1016/S0002-8223(95)00300-2  
Kleinwächterová, H., Brázdová, Z. 2001. Nutritional status 
of humans and methods of its detection (Výživový stav člověka 
a způsoby jeho zjišťování). Brno, Czech Republic : Idvpz. 102 
p. (In Czech) https://doi.org/10.1016/S0002-8223(95)00300-2  
McCullough, M. L., Feskanich, D., Rimm, E. B., 
Giovannucci, E. L., Ascherio, A., Variyam, J. N., 
Spiegelman, D., Stampfer, M. J., Willet, W. C. 2000b. 
Adherance to the Dietary Guidelines for Americans and risk 
of major chronic disease in men. American Journal of 
Clinical Nutrition, vol. 72, no. 5, p. 1223-1231. 
https://doi.org/10.1093/ajcn/72.5.1223  
McCullough, M. L., Feskanich, D., Stampfer, M. J., Rosner, 
B. A., Hu, F. B., Hunter, D. J., Variyam, J. N., Colditz, G. A., 
Willet, W. C. 2000a. Adherance to the Dietary Guidelines for 
Americans and risk of major chronic disease in women. 
American Journal of Clinical Nutrition, vol. 72, no. 5, p. 
1214-1222. https://doi.org/10.1093/ajcn/72.5.1214  
MH SR. 1997. Recommended nutritional doses for the 
population of Slovakia (Odporúčané výživové dávky pre 
obyvateľstvo v Slovenskej republike). Ministry of Health of 
the SR. No: SOZO-1586/1997-08. Day 28. April 1997, vol. 
45, p. 7-8. 
MH SR. 2001. Groups of food commodities and criteria for 
assessing their health hazards. Project Healthy Nutrition for 
Healthy Heart (Skupiny potravinových komodít a kritériá pre 
hodnotenie ich zdravotnej neškodnosti. Projekt Zdravá výživa 
pre zdravé srdce). Ministry of Health of the SR. 16 p. 
Available at: http://www.vyzivapresrdce.sk/index.html 
National Research Council. 1989a. Diet and Health: 
Implications for Reducing Chronic Disease Risk. Washington, 
DC : National Academy Press. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/25032333 
National Research Council. 1989b. Recommended Dietary 
Allowances. 10th ed. Washington, DC : National Academy 
Press. ISBN: 978-0-309-04041-9. 
PHA SR. 2015. Recommended nutritional doses for the 
population of Slovakia (Odporúčané výživové dávky pre 
obyvateľstvo v Slovenskej republike) (9. revision). Public 
Health Authority of the SR. Available at: 
http://www.uvzsr.sk/index.php?option=com_content&view=a
rticle&id=1014:odporuane-vyivove-davky-pre-obyvatestvo-
vnslovenskej-republike&catid=66:vyiva-a-bezpenos-
potravin&Itemid=72 
Shah, B. S., Freeland-Graves, J. H., Cahill, J. M., Lu, H., 
Graves, G. R. 2010. Diet quality as measured by the healthy 
eating index and the association with lipid profile in low-
income women in early postpartum. Journal of the American 
Potravinarstvo Slovak Journal of Food Sciences 
Volume 13 93  No. 1/2019 
Dietetic Association, vol. 110, no. 2, p. 274-279. 
https://doi.org/10.1016/j.jada.2009.10.038  
Tangney, C. C., Evans, D. A., Bienias, J. L., Morris, M. C. 
2001. Healthy eating index of black and white older adults. 
Nutrition Research, vol. 21, no. 11, p. 1411-1423. 
https://doi.org/10.1016/S0271-5317(01)00376-1  
USDA. 1995. The Healthy Eating Index. United States 
Department of Agriculture, Center for Nutrition Policy and 
Promotion. CNPP-1. Available at: 
https://www.cnpp.usda.gov/sites/default/files/healthy_eati
ng_index/HEI89-90report.pdf 
USDA. 1996. The Food Guide Pyramid. United States 
Department of Agriculture, Center for Nutrition Policy and 
Promotion. Home and Garden Bulletin Number 252. 
Available at: 
https://www.cnpp.usda.gov/sites/default/files/archived_pro
jects/FGPPamphlet.pdf 
USDA. 1997. Pyramid Servings Data. Results from USDAs 
1994-1996 Continuing Survey of Food Intakes by Individuals. 
United States Department of Agriculture, Agriculture 
Research Service, Food Survey Research Group, Bethesda, 
MD. 
USDA. 2015. 2015-2020 Dietary Guidelines for Americans. 
8th ed. United States Department of Health and Human 
Services and United States Department of Agriculture. 
December. Available at: 
http://health.gov/dietaryguidelines/2015/guidelines/ 
USDA. 2018. HEI Scores for Americans. Healthy Eating 
Index. Available at: https://www.cnpp.usda.gov/hei-scores-
americans 
Variyam, J. N., Blaylock, J., Smallwood, D., Basiotis, P. P. 
1998. USDA´s Healthy Eating Index and Nutrition 
Information. Technical Bulletin No. 1866. Available at: 
https://ageconsearch.umn.edu/record/33588/files/tb981866.pd
f 
WHO. 2018. Body mass index - BMI. World Health 
Organization. Available at: 
http://www.euro.who.int/en/health-topics/disease-
prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi 
Willett, W. C., Skerrett, P. J. 2005. Eat, Drink and Be 
Healthy: The Harvard Medical School Guide to Healthy 
Eating. New York, USA : Free Press, 352 p. ISBN: 10 
0743223225. 
 
Acknowledgments: 
This work has been supported by the Support of 
technologies innovation for special bio-food products for 
human healthy nutrition project implemented under the 
Operational Programme Research and Development financed 
by European Fund for Regional Development (ITMS 
26220220115). 
 
Contact address: 
 *Ing. Katarína Fatrcová-Šramková, PhD., Slovak 
University of Agriculture, Faculty of Agrobiology and 
Food Resources, Department of Human Nutrition, Trieda 
A. Hlinku 2, 949 76 Nitra, Slovakia, Tel.: 
+421376414324, E-mail: katarina.sramkova@uniag.sk  
 Ing. Marianna Schwarzová, PhD., Slovak University of 
Agriculture, Faculty of Agrobiology and Food Resources, 
Department of Human  Nutrition, Trieda A. Hlinku 2, 949 
76 Nitra, Slovakia, Tel.: +421376414886, E-mail: 
marianna.schwarzova@uniag.sk  
 Doc. RNDr. Tünde Juríková, PhD., Constantine the 
Philosopher University, Faculty of Central European 
Studies, Institute for Teacher Training, Dražovská 4, 949 
74 Nitra, Slovakia, Tel.: +421376408 855, E-mail: 
tjurikova@ukf.sk 
 
Corresponding author: * 
 
 
